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SUiaiARY 



Fore 3 tests in t'J70-di;nens-ional flow have been made 
in the NACa 4- hy 6-foot vortical tunnel to determine 
the aerodynar^ic characteristics of an NACA 0009 airfoil 
v;ith flaps havine: chords 20, 20, and 40 percent of the 
airfoU chord and 20^, 50^, and 400 beveled trailing 
edges. The effect of a gay at the nose of the flap 
and of a ro-!;£':h leadinrr edge vras determined for the 
flaps equipped v/ith the 30° bevs-lsd trailing edge. 

The results indicated that, with a smooth leading 
edge, the increased trailing-ed;--e ancle on the flaps 
with sealed gaps decreased the slope of the control- 
fixed lift ciirve aiid t>ie lift effectiveness. The 
increased trailing-3dge angle generally reduced the 
hinge moment, that is, gave positive increments in the 
rate of change of hinge-iroment coefficient with angle 
of attack and flap dei'lsction. The hinge -moment 
characteristics also showod that, as the'^flap chord 
v-as increased, the bovol angle that gave the' greatest 
redaction of hinge moments was increased. 

Opening the gaps at the nose of the flaps caused a 
reduction in the slopes of the lift curves and a positive 
increment in txie slopes of the hinge-mom3nt curves. 
The addition of rcaghness strips to the nose of the 
airfoil produced similar results. 



INTRODUCTION 



Force tests of a number of MCa symmetrical airfoils 
have been made prsvion.s to the investigation reported 
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herein for the purports of providing data for the design 
of control surfaces. The modifications that have been 
previo-usly tested include alterations of flap profile, 
fla-fj nose shape, balance chord, gap size, and to some 
extent trailing-edge angle o Previous tests of airfoils 
have shown that considerable reduction in the hinge 
nroments of flaos may be obtained by increasing the 
trailing-edge angle (referencesl to 4). The purpose 
of the present investigation is to shov; the effect of 
a wide range of tralllng-edge angle on the aerodynamic 
characteristics of flaps of various chords. The 
investigation also includes tests of some of the models 
v^ith an open gap at the nose of the flap and with a 
rough leading edge. 



AI -ARATUS and IIOTCL 



The tests were nade In the NACA 4- by 6-foot 
vertical tunnel described in reference 5 and modified 
as described in reference 6. 

The 2-foot-cbord by 4-foot-span model was made of 
laminated mahogany to the IIACA 0009 profile ahead of 
each hinge axis. (See table I.) The model was tested 
with flaos havin.g chords 20, 30, and 40 percent of the 
airfoil chord (0.20c, 0.30c, and 0.40c). Each flap 
had three interchanp-eable trailing-edge. portions with 
included angles of 20^, 30^, and 40^. A plain nose 
with radius equal to approximately one -half the airfoil 
thickness at the hinge axis was used on each flap. 
The profiles of the flaps are defined in figure 1. An 
additional 0.30c flap, v/hich had an asymmetric bevel 
with respoct to the chord line .and is hereinafter 
referred to as the 30"^ asymmetric flap, was tested. 
The 30^ included angle at' the trailing edge was divided 
to give a 10^ bevel to one surface and a 20^ bevel to 
the other surface and to make the bevel chords of the 
two surfaces equal. The gaps between the noses of the 
flaps and the cover plates v;ere 0.002c. For m.ost of 
the tests, the gap was sealed by sheet rubber glued 
to the nose of the flap and to the airfoil ahead of 
the flap. 

For a fev/ tests, the transition point on the air- 
foil was fixed by the addition of a strip 2 inches wide 
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at uhe noao on each surface of the airfoil. The rough 
strip was composed of No. 60 carborundum fastened to 
the leading edge along the full span of the model « 

TZSTS 



Some tests ware made at a dynamic pi^essuro of 
15 pounds per square "^rot, which corresponds to a 
velocity of about 76 illes per hour at standard sea- 
level conditions* The effective Reynolds nuiTibe r for 
these tests was approximately £,750,000. (lilffeotive 
Fieynolds nur;'bar = Test Reynolds nuriiber x Turbulence 
fact 01-. The turbulence i'actor lor th^ -IaCA 4- by 
6-foot vertical tuniiel is 1.93.) 

For the rest of the tests the dynamic pressure 
was reduced to 11.25 pounds per sqiiare foot because 
insuf i'icient power was available for continuous opera- 
tion of the tunnel at a dynamAc pressure of 15 pounds 
per square foot. The dynamic pressure of 11 pounds 
per square fo-r^t corresponds to a velocity of about 
66 miles per hour and an effective Reynolds number of 
aoproxim.ately 2,590,000. 

Tre various model m.odif icat ions and test Reynolds 
num.bers are piven in table II. 



R3STILTS 
Syriibols 

Coefficients and svm.bols used herein are defined 



as follows ! 




airfoil 


Cr- 


airfoil 


^O 






airfoil 




flap 38 


whe rs 




I 


airfoil 


do 


airfoil 
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m airfoil ssction pitching moment about quarter- 

chord point o-^" airfoil 

flap section hinge moment 
c chord of basic airfoi] with flap neutral 

flap chord 
q dynamic pi-essure 

and 

angle of attack for airfoil of infinite aspect 
ratio 

6f flap deflection vi^ith respect to airfoil 

0 flap trail ing-edge ^n^le ; also referred to as 

bevel angle 




whe re 

= 11.6° 
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Subscripts t 

p airfoil-contour plain flap 

b beveled flap for 0 > 11.6^ 

Ths subscripts outside the parentheses represent the 
factors held constant during the measurement of the 
parame te.rs . 



Precision 

The maximum error in angle of attack appears to 
be ±0.2^. The small am.ount of lift obtained at an 
angle of attack of 0^ lor all tests with flap neutral 
indicates soii-e inaccuracy in model construction or 
installs tion. Flap deflections were set vrithln ±0 .2^ • 
Tunnel corrections expei-imentally determined in the 
NACA 4- by 6-foot vertical tunnel were applied only 
to lift. The hinge oments are probably slightly 
higher than would be obtained in free air. The 
increments cl* profile-drag coefficient are believed to 
be accurate v/ithln tO.OCl for small flap deflections 
and within 'f0,003 for large flap deflections and should 
be reasonably Independent of tunnel effect although the 
absolute value is subject to an unknov/n correction. 



Presentation of Data 

The aerodynamic section characteristics of the 
TTACA 0009 airfoil with the various flap arrangements 
tested are presented in fin;ures 2 to 14. The lift, 
hinge -mion>e n't, and pltching-mom.ent parameters are given 
in table II. The flap lift effectiveness is given 

as a function of flap chord ratio for the various trailing 
edge angles in figure 15. 

The data prosenced in figures 16 to 18 show flap 
section hinge-moment coefficient as a function of 
airfoil section lift coefficient resulting from the 
deflection of the 0.?^0c, 0.30c, and 0.40c flaps at 
=: 0^. The effects of gap, trailin.g-edge angle, 

and leading-edge roughness are shewn in parts (a), (b), 
and (c), respectively. The variation of flap section 
hinge-moment parameters with flap trailing-edge angle 
is given in firures 19 and 20 for the 0.20c, 0.30c, 
and 0.40c I'laps with aps sealed. 
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Increments cf airfoil section profile-drag coeffi- 
cient caused by flap deflection for the 0.2Cc<, 0.30c, 
and 0.40c beveisd flays with various trailing-ed^;e 
angles and gap conditions are shown in fig\ires 21 to 25. 
Incramants of profile -drag coefficient for the 0«30c plain 
flap of reference 6 are included in "figure 22 for com- 
parison. 

The hinge -moment characteristics of the flaps v/ith 
0.002c and sealed gaps may he cor^pared from figure 24 for 
an airfoil v-^ith a sm.ooth leading edge. Similar data 
for airfoils with smooth and rough leadin.T edges are 
given in figure 25 for flaps v\^ith sealed gaps to show 
the effoct of fixing the transition point. 



DlSCUSSIOil 

Airfoil vrith Smooth Lc;ading 3dge , S^Trunetric Flaps, 

and Sviialed Gaps 

Lift.-. As is to he expected from, references 1 and 2, 
the slope of the lifi: curve c^,^^ (table II) was mate- 
rially reduced by increasing the angle at the trailing 
edge 0 from 20^ to 50^; however, as 0 was increased 
from. oOO to 40^, this decrease was less marked. The 
variation of flap chord from 0.20c to 0.40c for constant 
trailing-edge angle 0 decreased c^ . This decrease 

was probably due to the thickened flap profile. 

The lift curves (figs. 2 to 4) show that, for 
positive angles of attack, the 0.20c beveled flaps 
gave greater lift and sm.aller hinge m.om.ents at flap 
deflections of 20^ and 50^ than the plain or airfoil- 
contour flap of refer-nce 7. The O.SQc beveled flao 
(figSo 6 to 8) also gave greater lift and smaller hinge 
moments fo:^-' a flap deflection of 50^ thsn the plain 
flap of reference 6. The increased lift at these 
flap deflections is contrary to that shovm by the air- 
foil of reference 2, .-^^or similar conditions » 

The size of the trailing-edge angle had little 
effect on the angle of attack at which the airfoil 
stall occurred, but the increased flap chord decreased 
the angle of stall from 13^ for the Oo20c flap to 
11^ for the 0.40c flap. 
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Figur'e 15 shews that, for a given flap chord, the 
flap lif t-ef fectivenesB parame tei' was decreased 

as the incliTded angle at the trailing edge was increased 
and hence was less than for the corresponding plain flap. 
The value of a^^, which mainly a function of flap 
chord, increased v/ith flap chord in ahout the same 
proportionrj for a constant angle 0 as for a plain flap. 

The control-frej lift parameter c^, given in 

^free 

table II is valid only at ao = Of = 0^. Increasing 
the trailing-edge angle inci'eased the slope of the 
control-free lift cur* a. The effect was qualitatively 
the same as that noted in reference 1. 

jilnge taomant . - An inspection of the hinge -moment- 
coefficient curves (figSt 2 to 14) indicates that 
linearity with angle of attack is restricted to the 
curves for the 20^ beveljd trailing edge at flap 
deflections of 0^ to 5^. Other hinge-mom^jnt-coeff icient 
curves are less linear than corresponding curves for the 
plain flaps. 

The ninge-rnom.ent coefficients were generally smaller 
for the 0.20c and 0.20c beveled flaps than for the corre- 
sponding plain flaps for a given lift at = 0^ (figs. 16 
and 17). Likewise, the flaps v/ith the 20^ beveled 
trailing edge generally gave smaller hinge moments for 
a given lift than the flaos with the 20^ beveled trailing 
edge. 

The 20^ and 30^ bevels were effective in reducing 
hinge mom.ents for the three flaps tested as is shown by 
the hinge -moment parameters plotted as a function of 
trailing-edge angle in figure 19. Replacing the 30^ 
bevel by a 40^ bevel chan.o'ed the hinge-m.oment charac- 
teristics of the 0.20c flap only sli.^rhtly in comparison 
with correspondinf^ changes on th^ 0.30c and 0.40c flaps. 
On the C.SOc and 6.40c flaps, cjn^ and Cj^^ were made 

m.ore positive by the 40^ beveled flan, A comrDarison 
of the hinge-mom:3nt-c efficient curves indicates that, 
as the flap chora wao increased, the bevel angle that 
gave the greatest reduction of hinge moments was increased. 

The data from the present investigation do not 
appear to agree well with the results of the beveled- 
trailing-edge correlation of reference 4. The points 
in figure 20 representing the hinge -rioment parameters 
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frcin the presBiit series of tests are considerably/ scatters 
from the results set forth in reference 4. Data on 
heveled. controls obtained fi'om various sources since the 
correlation was niade r'lov/ sorae disar^reement and indicate 
that more factors slicald "be taken into consideration 
than v.^ere r':ivexi in the correlation in reference 4. 



Pitching' moment.- The values of |t~-^i and 




5. 



(table II) five the position of the aerodynamic center 
of the airfoil with respect to the quarter-chord point. 
Increasing the trailing-edge angle shifted forv;ard the 
center of the lift caused by angle of attack or by flap 
deflections. This shift v/as in the same direction as 
was noted for the NACA 0009 airfoil of reference 1 and 
the NACA 66(215)-014 airfoil of reference 2. 

Dra^.- Increments of airfoil section profile -drag 
coefflxTent Acq for tne 0o20c, O^oOc, and 0.40c bev-- 
elBd flaps (figs. 21 to 23) were obtained by deducting 
the drag for the f la-^D-neutral condition at an angle of 
attack of -6^, 0^, or 6^ from the drag for the flap- 
deflected condition at the sam.e an.Q-le of attack. 

The 30^ and 40*^ bevjlod flups in general produced 
smaller increments of drag than the 20^ beveled flap for 
angles of attack of 0^ and 6^. The differences in drag 
for the various beveled flaps at = 5f - O'^ were 

within the experimental accuracy claim.ed .^^or small flap 
deflections. The profile -drag coefficient for 5f = 0^ 
was approximately 0.0196, 0.0112, and 0.0188 for 
Gq ~ -C^, 0^, and 5^, respectively. 



feet of Gap at Hose of Flap 

An indication of the effect of a Co002c gap at the 
nose of the flap on the aerodynam.ic characteristics of 
a flap with a beveled trailing ed^^e may be seen from the 
parameter values of table II and figu.res 16(a) to 18(a). 
As expected from the resu.lts of refe:^ence 6, the lift 
parameters were nuraerically smaller and the hinge-moment 
param.eters were more positive for flaps having 0,002c gaps 
than for flaps v^ith sealed gaps. 

The hing3-r.iOmjnt characteristics (fig. 24) of the 
C.30c flap with a 30^ beveled traili.ng edge and with 
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open end sealad rs.p were typical cf the vRvloas .-^'laps 
tested with open gap. 

The open gap usually gave larger increments cf the 
airfoil sjction profile-drag coefficient for angles of 
attac]': of 6^, 0^^ and -60 (figa.Sl to 23). The profils- 
drag coefficient ct r = QO for the airfoil with smooth 
leadinp' edge was ap^ . oiimate2y 0,0105 at = 0^ and 

0.0170 at ±6^o 



Effect of a Rough Leadiiig Edge 

Fixing the transition point by means of a rough 
leading edge had some effect on the aerodynamic charac- 
teristics of the airfoil. The control-fixed lift 
parameters were nujmerically smaller and tlie hinge- 
moment parameters were m^ore positive for the airfoil 
with rough leading edge than with smooth leading edge. 

The rough leading edf;e ga\/e a lacre gradual change 
in the slope of the lift cu.rve near the stsll and the 
maximw. lift ^^jos less than for the smooth alrfo:. I. The 
hinge- -r.omcnt characteristics shown in fi'xure are 
tyoical for models with smooth ard rou.gh 'lead:; ng edges. 

The addition of roagim.ess strips to the leading 
edge gave an increase in the nrcfile-crag coefficient 
of arproxima tely 0.003 at a^^ = 5f = 0^. 



Effect of Asymmetric Bevel 

The aerodynamic section characteristics for the 30^ 
asyxiL-'etrlc flap are given in figure 10. As was expected 
with the 20^ bevel on '.he upnor surface of the flap^, 
the hinge -moment coeff iclants were negative at 
^o ~ ^*f ~ curve of hinge-moment coefficient 

as a function of angle of attack at 6^^ = 0^, like 
the curves for the 40^ beveled flan, has a positive 
slope at negative angles of attack and, like the curves 
for the 200 beveled flap, has a negative slope at 

> 5^. A similar tendency is indicated in the vari- 
ation of hinge-moment coefficient with flap deflection. 
T^.vo curves, showing hinge-moment coefficient as a function 
of lift coefficient at ao = 0^^ are given for the 30^ 
asynrnetric flap in figure 17(h), with each surface 

coi:piDn;:TTiAL 



10 



CONFIDENT I/vL 



^ACA ACR No. L4D12 



ccnsidersd ar. the upper surfacs. The slopes of these 
curves are rmaller- than the corresponding slopes for 
the flaps w: th s^mimetric bevels o 

CONCLUSIONS 



Force tests in two-dimensional .^^low of flaps having 
chords 20, 20, and 40 percent of the airfoil chord and 
20^, 30^, and 40^ beveled traillnf^ edges on an NaCA 0009 
airfoil have been r^ade in the NACA 4- by 6-foot vertical 
tunnelo A coinparison of the reseats of the tests of 
models having a^smooth leading edge and a sealed flap 
with the results for nlain flaps having chords 20 and 
30 percent of the airfoil chord on an NACA 0009 airfoil 
indicated the following conclusions: 

1. The increased trailing-edge angle and the 
increased thickness near the trailing edge reduced the 
slope of the control-f i::ed lift curve. 

2. The flap lift effectiveness was reduced by the 
increase of ^^he iralllng-edge angle and hence was less 
than for the corresponding plain flaps. 

3. An increase in the trailing-edge angle generally 
gave a more positive slope to the rate of change of^ 
hinge -noment coefficient ^vlth angle of attack and with 
flan deflection. The hinge-moment characteristics also 
showed that, as the flap chord was increased, the bevel 
angle that gave the greatest reduction of hinge moments 
was increased. 

4. Aerodynamic ^enters of lift that result from 
varying the angle of attack and varying the flap deflec- 
tion were generally shifted forward by an increase of 
the trailing-edge angle. 

5« Goening the gaps at the nose of the flaps with 
a 30^ beveled trailing edge decreased the slope of the 
control-fixed lift curve and decreased the flap effec- 
tiveness. The slopes of the carves of hinge -moment 
coefficient against angle of attack and flap deflection 
are more positive for the flap with open gan than with 
the sealed gap- The drag "was generally higher for 
flaps with open than with sealed gaps. 
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6. Fixing th3 transition at the leading edp:e of 
the airfoil by the adrlition of roughness had an effect 
on the lift and hinge moment similar to that caused 
b3~ Oldening the gap. The maxlm-Lun lift was reduced bv 
addition of the rough leading edge. 

7. The as^iiirre trie flap with 20^ bevel on the upper 
surface -^nd 10^ bevel on the lower surface gave negative 
hinge moments at zero an,>Tle of attack and zero ilan 
deflection. The ninpe — mome n t — c o e f f 1 c i e n t curve as a 
function of angle of attack at zero flap deflection had 
a positive slope at negabi\e angles of attack and a 
negative alooe at ;oos' :ive an^iles of attack ^^reater 
than 3^. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Cor^:mittee for Aeronautics, 
L-anrley Field, Ya. 
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TABLE I.- ORDII'-i-iTilS FOR .MACA 0009 .'.IKFOIL 
jstatioii and ordinates in percent of airfoil chord] 



Station 


Ordinate 


0 


0 


1.25 


1.42 


O r- 
^ % 


1,96 


r~ 

D 


2,67 


7 .5 


3.15 




5 .51 


15 


4. CI 


20 


4.30 


25 


4.45 


50 


4.50 


40 


4.35 


50 


3.97 


60 


3.42 


70 


2.75 


80 


1.97 


90 


1.09 


95 


.50 


100 


(.10) 


100 

i 


0 


L.S. radius 2 0.39 
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TABLE II.- PARAMETERS FOR NACA 0009 AIRFOIL WITH BEVELED- TRAILING -EDGE FLAPS 



parcunotera moasured over small ran,-^0 of an^le of attack and flap deflection where curves are nearly linear. 
Because of general nonllnearlty of curves, parameters should be used only with figs. 2 to 14. Measurements 
of limited to range of a from -30 to 3°; chg to range of 6f from -5^ to 5^1] 



Description of model 






Parame ters 


Tralllng- 


Condition of 






Teat 
















edge 


airfoil 


Gap at 


Figure 


Reynolds 




/6a \ 


/6c A 


/6ChA 


/6ch \ 


/rtc^ \ 




angle, 0 
(deg) 


L.E. 


flap nose 




number 






V^/frae 




(^) 


) 


f 1 










0.20c 


flap 














J. a. . D 




Sealed 








— u. ^» 




— U . UUOU 


-U. UllO 






C>\J 


— — ao— — 


— — ao— — 


2 


2.76x10^ 


nop 


— . 


u . uyo 


— . UvJUo 


— . uu f y 




— U . ±9\J 


<ij\J 


— — ao— — 


— QO — — 


3 


2.76 


r\QA 




. l<cl 


.UUOO 


- .UU44 




1 aA 


AO 


-—ao— — 


ao-— 


4 


2.76 


. uyo 




too 


• UUovJ 


r\r\A 0 
- . UU4^ 




- . loU 


30 


AO UgXl 


ao— • 


3 


2.76 




«. ACS 




. UUOi. 


- .UVJOO 




— • ± / y 


30 


Smooth 


0,002c 


5 


2.76 


.092 


-.36 


.163 


.0047 


-.0022 


.036 


-.180 










0.30c 


flap 














*11.6 


Smooth 


Sealed 






0.098 


-0.57 




-0.0075 


-0.0130 






20 


— do— 


— do — 


6 


2.39x10^ 


.095 


-.56 


0.076 


-.0034 


-.0101 


0.022 


-0.150 


30 


— do— 


— do— 


7 


2.76 


.090 


-.53 


.101 


.0010 


-.0044 


.042 


-.142 


40 


—do- 


^-do— 


8 


2.39 


.089 


-.52 


.176 


.0048 


-.0026 


.048 


-.141 


30 


Rough 


— do— 


7 


2.76 


.089 


-.51 


.122 


.0025 


-.0034 


.045 


-.143 


30 


— do — 


0.002c 


9 


2.76 


.088 


-.50 


.088 


.0000 


-.0017 


.049 


-.130 


>.^^ 


Smooth 


—do- 


9 


2.76 


.089 


-.50 


.144 


.0036 


-.0029 


.049 


-.140 


^30 


—do- 


Sealed 


10 


2.39 


.093 


-.54 


.122 


.0016 


-.0028 


.042 


-.143 










0.40c 


flap 














^11.6 


Smooth 


Sealed 






0.098 


-0.68 




-0.0101 


-0.0145 








— do— 


.-do — 


11 


2.39x10^ 


.094 


-.68 


0.066 


-.0048 
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